ABSTRACT: Barley (Hordeum vulgare) and wheat (Triticum aestivum) are often stored dry with 14% or less moisture, which during rainy periods may require that grains are dried after harvest. The hypothesis is that air-tight storage of high-moisture barley and wheat will increase nutrient digestibility due to chemical conversions prior to feeding. The objective was to evaluate the effect of high moisture compared to dry storage of barley and wheat on digestibility of P and CP. The crops were grown on 1 fi eld keeping other factors constant. Half of the grains was harvested in the morning after a rainy day and stored in air-tight silos (DM, %: barley, 85.2; wheat, 82.8) and the other half was harvested later the same day (windy and sunny) and stored dry (DM, %: barley, 89.8; wheat, 88.3). After 6 mo of storage, 1 low-and 1 high-moisture diet were prepared with a barley:wheat ratio of 1:1 mixed with soybean (Glycine max) meal and rapeseed cake to produce a compound diet without inorganic P and microbial phytase. Sixteen 45-kg pigs housed in metabolism crates were fed either the low-or the highmoisture diet for 5 d for adaptation and 7 d for total collection of feces. Digestibility of P was 12% higher (P < 0.01) and of CP was 4% higher (P = 0.08) in the high-moisture diet. Phytase activity of dry-stored grain was lower (P < 0.01) and phytate P was 4% higher in the high-moisture stored grain vs. the grains stored dry. Overall, high-moisture storage increased digestibility of P and CP when the grain was fed to fi nishing pigs. Therefore, high-moisture air-tight storage saved energy (without drying) and at the same time enhanced P digestibility and increased the nutritional value of grain probably through enzymatic activity during storage.
INTRODUCTION
Grain should be stored dry at 14% water to prevent deterioration (Fleurat-Lessard, 2004 ) and this may require drying after harvest. Ensiling early-harvested high-moisture grains did not affect nutrient content but increased P digestibility when lactic acid bacteria were added (Pieper et al., 2011) . Phytate P is the native storage form of P in seeds and is poorly digested unless phytase is present. Phytate P was reduced in highmoisture stored corn (Zea mays) (Abrams et al., 1976) and phytase-supplemented high-moisture stored corn (Niven et al., 2007) . High moisture improved P and Ca digestibility in barley and wheat fed to broilers (Svihus et al., 1997) and P and AA digestibility in broilers fed xylanase-supplemented diets (Perttilä et al., 2001 ). However, protein digestibility did not differ in rats (Gøransson and Ogle, 1995) . The hypothesis of this study was that the nutritive value of mature barley and wheat improves by high-moisture air-tight storage for 6 mo.
MATERIALS AND METHODS
The experiment was approved by the Danish Animal Experiments Inspectorate, Ministry of Justice. The barley and wheat were grown to maturity on 1 fi eld. Half of the grain was harvested in the morning and stored in air-tight silos (Assentoft Silo A/S, Randers, Denmark) and the other half was harvested later the same day (windy and sunny) and stored dry. After 6 mo, 1 low-and 1 high-moisture diet were prepared with a barley:wheat ratio of 1:1 to produce a compound diet without inorganic P and microbial phytase (Table  1) . At harvest and after storage, DM was analyzed in barley and wheat. Barley and wheat were weighed out simultaneously according to the analyzed DM content and stored in air-tight bags at 5°C. At feeding, the grains were mixed with the other feed ingredients ( Table 1 ).The experiment comprised 16 female pigs from 8 litters weighing 45 kg. Pairs of littermates were randomly assigned to the 2 diets and housed in metabolism crates for 5 d adaptation and 7 d for total collection of feces (Poulsen et al., 2007) .
Diets were analyzed for phytase activity (Engelen et al., 1994) and phytate P (Haug and Lantzsch, 1983) . Diets and feces were analyzed for P (Stuffi ns, 1967) and Ca (AOAC Int., 2000; method no. 975.03). Nitrogen in diets (3 samples per treatment) and feces was analyzed by a modifi ed Kjeldahl method (AOAC Int., 2000; method no. 984.13). Dry matter was determined by oven drying at 103°C for 20 h and ash after incineration at 450°C. Gross energy was measured by bomb calorimetry (Model 6300; Parr Instrument Co., Moline, IL). Analyses were performed in duplicate except for diet samples, which were performed in triplicate. The apparent total tract digestibility (ATTD) of P, Ca, and CP (N × 6.25) were determined according to Poulsen et al. (2007) .
Data were analyzed using the MIXED procedure in SAS (SAS Institute Inc., Cary, NC) with storage form as fi xed effect and litter as random effect. Signifi cance was accepted at P < 0.05 and tendencies at P < 0.15. Results are presented as least squares means and SEM.
RESULTS
The DM in barley and wheat harvested with high moisture was lower (P < 0.01) at harvest and after 6 mo of storage (Table 2) . Analyzed P, Ca, CP, and GE content did not differ (P > 0.05) between the 2 compound diets. Phytase activity was 14% higher (P < 0.01) and phytate content tended to be 4% lower (P = 0.15) in the highmoisture diet.
The ATTD of P was higher (P < 0.01) in the diet based on high-moisture stored barley and wheat whereas the ATTD of DM, Ca, and GE were similar in the 2 diets (Table 3 ). The ATTD of protein tended to be 2.5 %-units higher (P = 0.08) in the high-moisture diet than the lowmoisture diet.
DISCUSSION
The GE content was similar for both diets measured per kilogram DM or per kilogram ash indicating lack of GE loss during high-moisture storage as reported by Pieper et al. (2011) . Phytate P was lower in the highmoisture diets, similar to high-moisture storage of corn (Abrams et al., 1976; Niven et al., 2007) . Interestingly, phytase activity was higher in high-moisture grains indicating that this storage form did not reduce native phytase activity. The ATTD of P was 11% higher in the high-moisture diet, similar to results in broilers fed oats (Avena sativa), barley, and wheat (Svihus et al., 1997) or barley (Perttilä et al., 2001 ) and in pigs fed cornbased diets (Abrams et al., 1976) . High-moisture storage increased the content of digestible P by 0.2 g/kg as-fed due to the increase in ATTD from 41 to 46%. The present study found a tendency for an improved ATTD of CP of Table 2 . Dry matter composition of barley and wheat at harvest and after 6 mo storage and analyzed contents of the experimental diets; least square means and SEM (n = 3) The inclusion levels of high-moisture diets were adjusted to ensure that ingredient composition on a DM basis was identical to the dry diet.
2 Vitamins and minerals (except P) were supplemented to meet nutrient requirements of pigs.
3% that is similar to results in broilers (Perttilä et al., 2001) but in contrast to results in rats (Gøransson and Ogle, 1995) .
In conclusion, high-moisture storage degraded phytate and enhanced ATTD of P and CP. This storage form saves energy because drying is not required and seems to be a promising way to improve P and N utilization. However, studies are needed to develop storage conditions to maximize nutrient use and to avoid the production of unwanted harmful substances such as toxins. Table 3 . Effects of grain storage form on apparent total tract digestibility (ATTD) of DM, P, Ca, protein, and GE; least square means and SEM (n = 8) ATTD 
LITERATURE CITED

